Abstract. The Reduviid bugs Triatoma garciabesi Carcavallo et al. (Hemiptera: Reduviidae: Triatominae), previously known as T. sordida Sta Êhl in the semi-arid chaco region, and T. guasayana Wygodzinsky & Abalos, vectors of Trypanosoma cruzi Chagas (Kinetoplastida: Trypanosomatidae), were found to occupy wide but different ranges of ecotopes in the peridomestic environment. At Amama Â and nearby rural villages in north-western Argentina, a combined total of 1233 specimens were collected from 325/2314 (14%) sites surveyed at 6-monthly intervals from November 1994 to November 1996. Triatoma garciabesi and T. guasayana displayed a signi®cantly different distribution among peridomestic ecotopes. Triatoma garciabesi predominated over T. guasayana in the prevalence of infested sites, the number of colonies and the number of bugs collected. For T. garciabesi, the predominant ecotopes most likely to yield T. garciabesi repeatedly were the rugged bark of Prosopis alba or P. nigra (Fabaceae) trees, where chickens roosted, and chicken coops. For T. guasayana the main ecotopes were goat or sheep corrals, piled materials and orchard fences. Triatoma garciabesi and T. guasayana were collected concurrently from the same site on 9/2314 (0.4%) occasions, and on different dates at the same site on 12 (0.5%) occasions. The observed low frequency of mixed populations (< 1%) was not signi®cantly different from that expected from a hypothesis of independence. Triatoma garciabesi clearly outnumbered T. guasayana in four of the nine mixed populations, none of which persisted as such. Neither T. garciabesi nor T. guasayana colonized human habitations, even in the absence of T. infestans (formerly the predominant domestic vector of T. cruzi in this area), a situation that apparently has not changed in the last 50 years in northern Argentina.
Introduction
The Reduviid bugs Triatoma guasayana and Triatoma sordida are morphologically similar species with overlapping geographical distribution (Scho®eld, 1988) . Both species have sylvatic and peridomestic populations and occasionally were found inside human dwellings . Their potential role as vectors of Trypanosoma cruzi could become relatively more important after elimination of Triatoma infestans, the principal domestic vector of T. cruzi in countries of the Southern Cone.
The geographical range of T. sordida encompasses Argentina, Bolivia, Brazil, Paraguay and Uruguay. Usually it has been found in peridomestic structures, associated with avian hosts (Diotaiuti et al., 1998) and sometimes mammal nests, but not burrows . According to Martõ Ânez et al. (1985) , typical T. sordida prevails Correspondence: Dr R. E. Gu Èrtler, Laboratorio de Ecologõ Âa General, Departamento de Ciencias Biolo Âgicas, Ciudad Universitaria (C1428EHA) Buenos Aires, Argentina. Fax: +54 11 4576 3384; e-mail: gurtler@bg.fcen.uba.ar in humid areas and frequently colonizes human dwellings, sometimes by¯ight (Scho®eld et al., 1991) . It has also been found occasionally on trees, beneath the bark. Cytogenetic and isoenzymatic studies of T. sordida from Brazil and Argentina revealed substantial differences (Panzera et al., 1997) . In the Bolivian Chaco, two cryptic species of T. sordida apparently differing in dispersive capacity have been found (Noireau et al., 1999) . In semi-arid areas of central and northern Argentina, a smaller and darker morph of T. sordida, described as T. garciabesi Carcavallo et al. (1967) , is usually associated with avian hosts and exceptionally invades rural houses. This form was synonymised with T. sordida by Lent & Wygodzinsky (1979) but recent evidence using morphological contrasts of genitalia and other criteria revalidated its taxonomic status as T. garciabesi (Jurberg et al., 1998) . Therefore, it seems that all previous references to T. sordida in semi-arid areas of northern Argentina, including ours in Amama Â and nearby villages in Santiago del Estero (Castan Äera et al., 1998; Cecere et al., 1999; Gu Èrtler et al., 1999) , should be taken as applying to T. garciabesi. We will hereafter refer to T. garciabesi when the bugs came from the semi-arid chaco, but it seems that the taxonomic status of the T. sordida complex in the semi-arid chaco remains unsettled (Noireau et al., 1999) .
Triatoma guasayana is noted for its vagility and occurs in northern Argentina, Bolivia and Paraguay . Given its tendency to invade dwellings and bite humans, its potential importance as a domestic vector of T. cruzi may surpass that of T. sordida in the area of sympatry. Triatoma guasayana has been implicated in the transmission of T. cruzi to pups born to seronegative female dogs during the surveillance phase in Amama Â villages (Castan Äera et al., 1998) . During surveillance in Amama Â villages, both T. garciabesi and T. guasayana were found infected with T. cruzi with very low infection rates (0.2% and 0.7%, respectively) .
After deltamethrin treatment of houses and peridomestic sites in Amama Â villages in 1992, the prevalence of infestation and abundance of T. garciabesi, T. guasayana and T. infestans increased markedly from 1994 and thereafter . In the present study we describe the peridomestic ecotopes and abundance of T. guasayana and T. garciabesi, their overlap and coexistence, and the persistence of populations during 2 years post-spraying, as measured by standardized manual sampling in well-de®ned rural villages.
Materials and Methods

Study area
Field studies were carried out in the rural villages of Amama Â, Trinidad, Mercedes, Villa Matilde and Pampa Pozo (27°S, 63°W), Province of Santiago del Estero, Argentina. These communities are located in the semi-arid chaco. The area and history of infestation by T. infestans were described by Gu Èrtler et al. (1994) . To eliminate T. infestans in October 1992, all the 93 houses and their peridomestic structures were sprayed with deltamethrin (25 mg ai/m 2 ) following standard procedures. Searches for residual foci of T. infestans and selective deltamethrin treatments were carried out in October and December 1992 (Cecere et al., 1997a . After the 1992 insecticide sprays, only sites with T. infestans nymphs, not other triatomines, were treated with deltamethrin as before . Insecticidal treatments of peridomestic ecotopes included one house in late 1993 and 1994, 12 houses during 1995 and six houses during 1996 before the November survey. In 1993±95, treatments were focal; for example, when a goat corral was found recolonized by T. infestans, only this site was treated. Most of these sprayings occurred in sites not infested by T. garciabesi and T. guasayana. The insecticidal treatments carried out in 1996 included all domestic and peridomestic ecotopes of the house in which T. infestans was collected.
Houses were mostly made of mud and thatch, with one or two adjacent bedrooms and a front porch (5±10 m wide) where people and dogs usually slept at night during warm weather. These areas shared a common roof and will be referred to hereafter as domiciliary or domestic structures. The peridomestic area consisted of a front patio, other buildings (storerooms, kitchen, corrals, etc.) separate from the human habitation, and other potential vector hiding places (pieces of wood, trees, etc.) within the area of human activity. The majority of houses had three to eight structures in the peridomestic area < 120 m from the main house (Cecere et al., 1997a) . Among 102 households interviewed in November 1995, the mean numbers T standard deviation of domestic animals per household (and percentage of households) owning a given type of animal were: 36 T 25 chickens (89%), 24 T 24 goats (50%), 21 T 17 cows (10%), 8 T 5 sheep (11%), 5 T 6 pigs (66%), 5 T 4 equines (35%), 4 T 3 other fowls (ducks, geese, turkeys)(35%), 3 T 2 dogs (100%), and 2 T 2 cats (71%). Chickens were allowed to roam freely, nesting either inside houses or in shrubbery at various distances from human habitations.
Survey design and bug surveys
A sketch map of each house and distances from each peridomestic ecotope to human habitations were paced out and recorded in December 1992, updated in November 1994, and used thereafter to identify each ecotope. Bug surveys were made annually in October±November 1993±96. Collection methods were as described by Cecere et al. (1997a) and Gu Èrtler et al. (1999) . For each survey, three skilled collectors (from the National Chagas Control Service) searched for triatomine bugs in all bedroom and peridomestic areas, using 0.2% tetramethrin (Icona, Argentina) as¯ushing agent. During 30 min per house, two men searched bedrooms (one person-hour) while another man searched peridomestic sites (30 min per house) to remove as many bugs as possible. Additional 30 min searches for bugs were made at peridomestic sites in May 1995 and 1996. Triatomine collections were similarly carried out in 1997, but these data are not analysed here because a high frequency of insecticidal sprays in 1997 probably disturbed peridomestic triatomine populations. For consistency, the same collector searched all peridomestic sites in every survey (except November 1996), while another person (DMC) recorded the sites inspected and their location relative to the main quarters, the construction materials and probable local hosts (identi®ed by direct observation or judged by the signs they left). Searches for bugs in trees reached a maximum height of 2 m from the ground. The numbers of inhabited houses inspected each 6 months were 103, 114, 111, 106 and 113, from November 1994 to November 1996, variations being due to inclusion of newly built houses and bypassing some that were closed during the survey weeks. From¯ushing-out searches of each potential bug harbourage, the terms`infested' or positive' were used for ®nding at least one live or moribund triatomine (nymph or adult) of the species and site under consideration. Sites sampled were categorized by ecotope (i.e. type of bug habitat), function, materials and hosts (Table 1 ).
All bugs collected were examined under a stereomicroscope and identi®ed (according to Wygodzinsky, 1979, and Brewer & Garay, 1989 ) to species and stage by DMC at the ®eld laboratory. We used nymphs from laboratory colonies (originated from Santiago del Estero) to assess our reliability of distinguishing between T. garciabesi and T. guasayana. Insectary staff provided 10 live examples of each instar of each species (in code numbered glass tubes) for test identi®cation by DMC. Rates of correct species identi®cations were 70% of ®rst instar, 90% of second instar and 100% of older instars, as well as adults of both sexes. The relative length of the second to the ®rst rostral segment was the main character used to distinguish adults of each species; the second segment is more than twice as long as the ®rst in T. garciabesi or T. sordida, and less than twice as long in T. guasayana. A total of 16 positive sites with 31 small nymphs that were in unsatisfactory condition for a reliable identi®cation were completely excluded from the database (see footnote of Table 1 ). The number, stage, location and species of triatomine collected in each survey were recorded on separate data sheets for each house. Figure 1 shows the abundance and stage distribution of both species over surveys. The catch of T. garciabesi decreased from November 1994 to May and November 1995, to peak thereafter and maintain similar numbers in May and November 1996. Adults predominated in late spring (November) surveys, whereas fourth-and ®fth-instar nymphs clearly predominated in autumn (May). The sex ratio of T. garciabesi was signi®cantly biased toward males in the ®ve surveys (mean, 70% males; c 2 = 32.4, d.f. = 3, P < 0.001). For T. guasayana, the abundance¯uctuated seasonally with similar peaks in May. Fourth-and ®fth-instar nymphs predominated over other stages in nearly all surveys, and the sex ratio was not signi®cantly biased toward males (mean, 58% males). First-and secondinstar nymphs comprised 4±6% of the total catch of each species.
Results
A combined total of 1233 T. garciabesi and T. guasayana bugs were collected from 325 (14%) of 2314 peridomestic sites inspected during 1994±96 (Table 1) . Almost half of the sites inspected were trees (with or without chicken roosts) and corrals (with goats, sheep or pigs). The main hosts found to be associated with bug-infested sites were chickens, goats and pigs. Rodents and wild bird nests were rarely spotted in the peridomestic sites surveyed.
The frequency of infested sites, colonies and total catch of T. garciabesi and T. guasayana differed in a highly signi®cant way (P < 0.0001) among ecotopes (Table 1) . These results come from three separate tables (for R ecotopes by two species) tested by c 2 , in which cells with expected frequencies less than ®ve were combined until they were less than 20% of all cells. The degrees of freedom were 6, 4 and 7 for the three response variables, respectively.
Triatoma garciabesi (11%) clearly outnumbered T. guasayana (3%) in the prevalence of infested ecotopes (Table 1) as well as the number of colonies (191 vs. 62 ) and the number of bugs collected (1009 vs. 224). The index of colonization (i.e. proportion of all infestations that at least included nymphs) was high for both species: 75% (191/253) for T. garciabesi and 86% (62/72) for T. guasayana. The most productive ecotopes for T. garciabesi were in the bark or holes of trees, with or without chicken roosts, mostly Prosopis alba or P. nigra; chicken coops, goat or sheep corrals, pig corrals and piled materials followed in importance. The ranked catches of T. garciabesi in these ecotopes did not differ signi®cantly among sites (test of Kruskal±Wallis, H = 5.07, d.f. = 5, N = 235, P = 0.41), even when the variables included cow or horse corrals and other sites (P = 0.44).
For T. guasayana the main ecotopes were goat or sheep corrals, piled materials and orchard fences ( Table 1) . The ranked catches of T. guasayana did not differ signi®cantly among these ecotopes (test of Kruskal±Wallis, H = 1.31, d.f. = 2, N = 49, P = 0.52), but reached borderline signi®cance when the variables studied also included trees where chickens roosted, pig corrals and chicken coops (P = 0.07). For each of the main ecotopes inspected (e.g. trees with chicken roosts, goat or sheep corrals, etc.), there was no signi®cant difference of distance to human habitations for sites with or without bugs of each species (t-test for independent samples).
Both species were found together only in nine sites (Table 2) : piled materials (May 1995); a goat corral (November 1996) ; and on seven occasions in May 1996 (Table 3) . Triatoma garciabesi outnumbered T. guasayana in four out of nine mixed infestations (Wilcoxon matched pairs test, P = 0.06), but never vice versa. None of the mixed populations detected up to May 1996 persisted as such up to May 1997: T. garciabesi persisted alone in three sites, T. guasayana persisted alone once, and neither species was detected again in the other ®ve sites. In four out of ®ve surveys T. garciabesi was found alone signi®cantly more frequently than T. guasayana (McNemar test, P < 0.001).
The observed frequency of mixed infestations of T. garciabesi and T. guasayana was compared with expectations under the hypothesis of independence in each survey. The observed and expected frequencies did not differ signi®cantly in any survey. In May 1996, when the majority of mixed populations were detected (Table 3) , the observed and expected frequencies of mixed populations did not differ Kitchens, latrines and storerooms or sheds had mud walls and thatched roofs (`ramada' usually without walls); trees Prosopis alba Grisebach or P. nigra (Grisebach) Hieronymus (Fabaceae) (`algarrobo') where chickens roosted or not (other birds' nests were rare); for those used as roosting sites, householders placed an oblique wooden post from the branches to the ground for the chickens to climb, and there were abundant poultry droppings; goat or sheep corral usually had a fence made with piled thorny shrubs and vertical posts; cow or horse corral, which fence was made with wooden posts and long horizontal poles leaving few refuges for triatomines; pig corral, with walls and roofs made of wooden planks or thatched roofs; chicken coop, a human-built construction made of bricks, sticks or metal drums for chickens to brood or rest; piled materials (lumber, bottles, bricks, shrubs, tires, posts, etc.) used by animals as a diurnal refuge, usually not as a nest; mud oven; orchard fence (`cerco'), made of piled thorny shrubs to exclude domestic animals from an area where crops were occasionally grown, although sometimes chickens and wild guinea-pigs refuged or nested on the external side; and other structures (rabbit coop, wild birds' nests, corn store rooms: 'troja', boxes, etc.).
b
Excludes sites with unidenti®ed triatomine nymphs that mostly were ®rst or second instars: ®ve sites with a total of 10 nymphs in 1994, four sites with a total of four nymphs in May 1995;
one site with two nymphs in May 1996, and six sites with a total of 15 nymphs in November 1996. signi®cantly for eight types of ecotopes taken as separate strata (Mantel±Haenszel test, c 2 = 3.56, d.f. = 1, P > 0.05). We looked for any signs of spatial and temporal segregation between species. On seven occasions T. garciabesi was collected from sites previously positive for T. guasayana (four goat corrals, two chicken roost trees and one pile of materials). On ®ve occasions T. guasayana was collected from sites previously positive for T. garciabesi (two goat corrals, a chicken roost tree, a chicken coop and one pile of materials). In May 1996, T. garciabesi and T. guasayana were collected separately at two goat corrals belonging to the same household, not at the same corral.
Discussion
Following the strong reduction of T. infestans abundance from domestic and peridomestic habitats in Amama Â (Cecere et al., 1997a) , T. garciabesi was the most abundant triatomine in peridomestic areas, mainly associated with`algarrobo' trees, where chickens roosted, and chicken coops. The rugged bark of these trees provides an excellent habitat for T. garciabesi with frequent access to a plentiful and stable host population. Thus, in our study area, T. garciabesi tended to be an arboreal species, repeatedly found on the same trees. When found in other ecotopes, such as goat corrals, subsequent inspections usually failed to ®nd persistent infestations of T. garciabesi, showing that these probably were transient sites. These observations agree in part with semi-qualitative results of country-wide surveys of Argentina in 1962±67 and 1982±84, which showed that both chicken coops and corrals werè occasional' peridomestic habitats of T. sordida garciabesi (Carcavallo et al., 1988) . For T. sordida, Lent & Wygodzinsky (1979) mentioned nests of sparrows and rats and sites with domestic guinea-pigs and rabbits; such sites were not available for our study. In sylvatic sites, nests of furnariids and psytaciids, loose bark, and refuges of rodents or other mammals were considered`habitual' or`frequent' ecotopes of T. sordida garciabesi (Carcavallo et al., 1988) .
Triatoma guasayana was less abundant than T. garciabesi in peridomestic sites of our study area, perhaps because the generation length of T. guasayana is longer and more variable than for T. garciabesi (D. M. Canale, unpublished data). In peridomestic sites, T. guasayana was collected mainly from goat/sheep or pig corrals among the debris on the ground. Chicken houses and pigeon coops were also mentioned by Lent & Wygodzinsky (1979) and Carcavallo et al. (1988) , but we rarely found T. guasayana in these ecotopes and such infestations did not persist. Among sylvatic habitats, loose bark of trees, under rocks or trunks of fallen trees, nests of birds, dry cacti and bormeliads have been listed as occasional or frequent habitats of T. guasayana (Lent & Wygodzinsky, 1979; Carcavallo et al., 1988; Gajate et al., 1996) . Evidently T. garciabesi and T. guasayana occupy a different and wide range of ecotopes, whereas many others Triatominae are considered habitat-speci®c (Lent & Wygodzinsky, 1979; Scho®eld, 1979; Zeledo Ân & Rabinovich, 1981) . Our ®ndings do not support the notion that T. guasayana and species within the T. sordida complex occupy similar habitats or occur frequently in association in individual peridomestic sites in the semi-arid chaco (Gajate et al., 1996; Noireau et al., 1999) . Gajate et al. (1996) reported pooled manual collections of T. guasayana and/or T. sordida (i.e. T. garciabesi) in six houses of Trinidad (near Amama Â) over collection dates and type of peridomestic ecotope, thereby precluding any test for independence. Noireau et al. (1999) reported cross-sectional manual collections of T. guasayana and two cryptic species within T. sordida at 48 peridomestic sites, yielding 75% of sites occupied by a single species and the remainder by two or three species, but the data for each species in single, double and triple association were not given. The relevant question is whether the species occur together more frequently than expected by pure chance (i.e. if they are signi®cantly associated). It is not clear if the observed patterns of habitat occupancy of these triatomine species might change at higher bug densities or when T. infestans peridomestic populations recover their pre-spraying densities.
Our ®eld survey results in Argentina reveal that the observed frequency of mixed populations of T. garciabesi and T. guasayana did not differ signi®cantly from expectations under the hypothesis of independence, showing that both species were not associated together in the peridomestic rural environment. Following the strong reduction in abundance of T. infestans in this area, T. garciabesi and T. guasayana were found concurrently in only nine of > 2300 site searches (< 0.4%) during ®ve surveys (mean 460 sites/survey). This lack of association is surprising because T. sordida nymphs (probably T. garciabesi given the origin of the specimens) showed an aggregative response to T. guasayana faeces in experimental assays, but not vice versa (Lorenzo Figueiras & Lazzari, 1998) . Other triatomine species have been collected concurrently from the same sites (Zeledo Ân & Rabinovich, 1981) , but their frequency of association was not tested for signi®cance. We calculated that mixed populations of Rhodnius prolixus and Triatoma maculata were found signi®cantly less frequently than expected by chance (c 2 = 17.1, d.f. = 1, P < 0.001) on the palm tree Copernitia tectorum (Pin Äero & Torrealba, 1977) , whereas their frequency of mixed populations on the palm Scheleea humboldtiana (Pifano, 1973) did not differ from random expectation (P > 0.6). Independent distributions probably re¯ect different habitat requirements, or alternatively, unknown mechanisms of interspeci®c interference.
Sampling the presence and abundance of T. garciabesi and T. guasayana by manual time collections provides only crude estimates of abundance, as the method lacks sensitivity and catches are biased toward large stages (Rabinovich et al., 1995) , even when collections are facilitated with a¯ushing agent. Because of the differences in structure and accessibility, the probability of bug capture per unit of effort probably differed among ecotopes. Moreover, as the very small nymphs were dif®cult to collect (only comprised 4±6% of the samples) and identify (some samples were therefore excluded from data analysis), the observed prevalence of mixed populations of T. garciabesi and T. guasayana might have slightly underestimated the actual degree of co-occurrence. As all but one of the peridomestic searches for triatomines were conducted by the same experienced collector, variations in bug capture ef®ciency among surveys were minimized. Tetramethrin sprays exerted no immediate or delayed mortality against immature or adult T. infestans in experimental assays (Wood et al., 1993) and we have no evidence suggesting that T. garciabesi and T. guasayana would respond differently to tetramethrin. As most triatomine populations had low densi- ties, bug removals may have reduced population size even more, which in combination with a low probability of capture by manual sampling may, in part, explain variations in the persistence of populations at speci®c sites. Triatoma guasayana, but not T. garciabesi, displayed marked and consistent seasonal changes in abundance during the study period. Both species spent the cold season as lateinstar nymphs, and then moulted to the adult stage in the spring. The consistently biased sex ratio of T. garciabesi (or T. sordida) toward males has not been reported before. The few adult T. guasayana captured in peridomestic sites contrast with their frequent capture by householders when the bugs attempted to bite them in domestic areas during the spring . By contrast, T. garciabesi sustained large adult bug populations in close peridomestic sites but very rarely invaded or attempted to bite humans; when it did, it was also in spring.
The host preferences of these species differ. Triatoma sordida more readily feed on birds (Rocha e Silva et al., 1977; Minter, 1978; Forattini et al., 1982) and so may T. garciabesi, whereas T. guasayana was associated with bovids, pigs, wild guinea-pigs, toads and lizards Gajate et al., 1996) , as well as birds (chickens and pigeons in peridomestic habitats). In our study area, the prevalence and density of T. infestans domiciliary infestation was signi®cantly associated with the presence of chickens, especially chickens brooding indoors (Cecere et al., 1997b) . Because of their relative and widespread abundance in peridomestic sites, chickens seem to be the most important host of domestic and peridomestic triatomine populations in this area.
According to Lent & Wygodzinsky (1979) ,`T. guasayana is potentially an important vector of Chagas' disease because it colonizes in human habitations, side by side with T. infestans or T. sordida'. We found no evidence of such colonization of human habitations by T. garciabesi and T. guasayana or a positive association between these species, despite the frequent arrival by¯ight of T. guasayana adults to bedroom areas (but not of T. garciabesi) and the greater abundance of T. garciabesi in peridomestic sites . Triatoma garciabesi and T. guasayana have not colonized domiciliary areas in the presence or absence of T. infestans, a situation that apparently has not changed in the last 50 years in northern Argentina (Abalos & Wygodzinsky, 1951; Gu Èrtler et al., 1999) despite drastic ecological perturbations. With ample availability of hosts in sylvatic and peridomestic ecotopes, and with improving standards of house construction, T. garciabesi and T. guasayana rarely persist in mud-and-thatch kitchens or storerooms frequently housing chickens. The available evidence does not support the targeting of either species for control in Argentina at present.
